Objective: The objective of our study was to identify characteristic features of invasive lobular carcinoma on mammography and ultrasound examinations Materials and methods: This is a retrospective multicenter study of women with biopsyproven invasive lobular carcinoma. All patients had undergone diagnostic sonomammography. The imaging findings were identified by experienced breast imagers. Final surgical pathology results were used as the reference standard. Results: Thirty-two women ranging in age from 42 to 63 years old (mean age, 53 years), All had biopsy-proven invasive lobular carcinomas. Common features on mammogram included dense mass followed by architectural distortion; three cases showed breast asymmetry and one case was reported as normal. On ultrasound, common features included solid mass with spiculated margins, posterior shadowing, and perpendicular to the skin. Conclusion: Although no specific features could be linked to invasive lobular carcinoma, care should be directed to subtle signs such as architectural distortion and breast asymmetry in order not to miss any lesions. The combination of mammographic and sonographic helps to decrease the relatively high false negative diagnosis of this type of breast cancer.
Introduction
The majority of invasive breast carcinomas are categorized as ductal carcinoma of the usual "not otherwise specified" type. Invasive lobular carcinoma (ILC) is the second most common histologic type of breast carcinoma, accounting for approximately 10%-15% of all invasive breast cancers.¹ Arising from the lobular epithelium, ILC tends to be insidious in onset because it does not invoke a vigorous desmoplastic response. Its noncohesive histologic growth pattern, low likelihood of producing calcifications, and low opacity may account for the fact that ILC is frequently not apparent with mammography and is difficult to identify clinically.² It is usually detected with mammography at a later stage, increasing the likelihood of large primary lesions and positive node status at biopsy.
The aim of this study is to identify characteristic features of ILC on mammography and ultrasound examinations presented with clinical symptoms that were suggestive of breast cancer. They underwent diagnostic sonomammography and were referred for biopsy and pathological analysis.
Radiographic examination
All the cases underwent diagnostic mammography with complementary sonography. All radiologists who interpreted the examinations were experienced breast imagers, each with a minimum of 5 years of experience interpreting mammogram and breast ultrasound.
Mammography was performed with the equipment available at each institution (digital mammography machines: Lorad Selenia and soft copy work station, 2005, Lorad-Hologic, St Petersburg, FL. DMR and Diamond Analog, GE Healthcare, Milwaukee, WI). Sonography was performed using a highfrequency transducer (10 MHz) with the equipment available at each institution (Logic 5 and Voluson e 730; GE Healthcare, Milwaukee, WI. US HDI 4000, A3300520; Philips, SzabolcsSzatmar-Bereg, Hungary).
Histopathological analysis
All cases underwent histopathological analysis after ultrasound-guided core needle biopsy (true cut). The cases performed in Kuwait underwent biopsies in Al-Amiri Hospital by an experienced radiologist. Cases in Egypt were referred to the oncology center of Mansoura University Hospital where biopsies were performed by oncology surgeons.
Pathologists in both institutions sharing in this study used E-cadherin testing in diagnosis and classification of ILC, which is based on specific criteria and the perceived "aggressiveness" of the cancer. Yet it was difficult to correlate specific radiologic features to each grade due to the limited number of cases included in the study.
Results
Thirty-two women ranging in age from 42 to 63 years (mean age, 53 years) with biopsy-proven ILCs participated in this study. Only one case had breast asymmetry on mammography only and no masses were detected on ultrasound, yet the surgeon felt a hard lesion and performed a biopsy, which revealed ILC. Another case was reported as benign fibroadenoma on sonomammography, but true-cut biopsy and the final postoperative diagnosis revealed ILC. Sensitivity for combined sonomammography was 94%.
On mammogram
Twelve cases out of 32 showed architectural distortion (38%); four of these cases had discrete masses, while the remaining eight cases showed architectural distortion only ( Figure 1 ). Three cases showed breast asymmetry ( Figure 2 ). Twenty-one cases showed single dense masses: six cases had multifocal/multicentric masses (four cases with two masses and two cases with three masses), and 15 had single masses. Twenty-five masses showed irregular speculated margins ( Figures 3 and 4) , four masses showed smooth margins, and eight masses showed pleomorphic calcifications ( Figure 5 ). Five cases showed skin thickening ( Figure 5 ). Twenty cases showed associated enlarged axillary lymph nodes on mammogram films, yet only seven cases showed loss of fatty hilum. Mammographic findings are summarized in Table 1 . 
On ultrasonography
Thirty-five solid masses were detected. Eight cases had multifocal/multicentric masses (three cases had three masses and five had two masses). While six cases did not reveal any mass (architectural distortion only), one case showed only focal shadowing and one case was reported as normal on ultrasound. Twenty-seven masses were hypoechoic with eight of mixed heterogeneous echopattern.
Twenty-eight masses showed irregular infiltrating margins and seven masses showed smooth margins. Twenty-three masses showed posterior shadowing, while 11 masses had no shadowing, and one mass showed posterior acoustic enhancement. Twenty-six masses had long axes perpendicular to that of the skin, while nine masses were parallel to the long axis of the skin. Associated fibroadenosis was detected in 10 cases, duct dilatation in three cases, and skin thickening in five cases. The sonographic findings are summarized in Table 2 .
Discussion
Mammography has been the gold standard for detecting breast cancer. It is an anatomic approach, relying on the relative densities of breast tissues to differentiate normal breast tissue from breast cancer. The sensitivity of mammography is limited, with an overall sensitivity of 85%, which decreases to 68% in women with dense breasts.³ Furthermore, mammography has relatively lower sensitivity for the detection of ILC compared with the other types of breast cancers. False-negative rates of up to 19% have been reported for ILC. 4 This is attributed to a combination of some factors. ILC tends to infiltrate into the surrounding stroma in rows of single cells, with little disruption of the underlying tissues, which makes it less likely than other types of cancers to form discrete masses. 5 Subtle mammographic features, such as asymmetric densities and architectural distortion, tend to be more common in ILC than in invasive ductal carcinoma (IDC). In the current study, eight cases showed architectural distortion without masses on mammography (25%), three cases presented as breast asymmetry (9%), and 21 cases had discrete masses (66%). This compares with other researchers who reported architectural distortion as the second most common manifestation of ILC at mammography. 7 In our study, architectural distortion was seen in 20% of cases. While asymmetries were found in 18% and normal or benign findings in 10% of our cases, discrete masses were found in 45% of the ILC cases. 7 We found that 83% (n = 25) of masses had irregular spiculated margins while 17% (n = 8) had smooth margins. This coincides with other studies which reported that ILC most commonly manifests as a mass (44%-65% of cases), usually with spiculated or ill-defined margins while rounded and circumscribed masses are less common, being seen in only 1%-3% of ILC cases. 8 Microcalcifications were detected in eight of 32 cases (25%). This finding is in agreement with Le Gal et al, 9 who found suspicious microcalcifications in 24% of pure ILC cases. However, there are great variations in the percentage of infiltrating lobular carcinoma reported to be associated with suspicious calcification. Other researchers reported a percentage of 1%-2%. 10, 11 This discrepancy could be attributed to the higher accuracy of new mammography machines with computer-aided detection. Cornford et al 12 cited a higher frequency of microcalcifications in 28% of cases. They included mixed invasive lobular and ductal tumors in the infiltrating lobular carcinomas category, which could account for the difference. Characteristically, the tumor cells are seen to surround the ducts without obstructing them. It is postulated that the lack of ductal invasion or obstruction may explain why microcalcifications are not often seen with these tumors. 13 The mammographic diagnosis of ILC is also limited by the fact that the density of ILC on mammography is similar to, or less than that of normal glandular tissue, due to the noncohesive nature of the ILC cells. 14 In the current study we tried to overcome this by using the postprocessing capabilities of digital mammography. After the images were taken, contrast manipulation improved lesion conspicuity. Magnified images allowed better detection of microcalcification clusters and better evaluation of tumor morphology. This is considered an advantage over film mammography, which would have required extra films.
Ultrasonography is complementary to mammography, especially with regard to evaluating dense breasts and masses that are difficult to assess clinically and mammographically. 15 Ultrasound has an established role in determining if a clinically or mammographically apparent lesion is real or artifactual, and helps to further characterize the lesions by differentiating solid from cystic lesions. 5 It also provides guidance for interventional procedures performed in breast imaging such as biopsies, aspirations, drainages, and needle localizations. Ultrasound has been shown to provide a more accurate measurement of the size of a mass than mammography or clinical examination. 16 Current high-frequency transducers are able to demonstrate malignant features such as spiculations and microlobulations, which were not easily seen with the older 7.5-MHz the use of new ultrasound machines with higher sensitivity in lesion detection. Although none of the lesions included in this study were hyperechoic, other researchers found that ILC could present with hyperechoic lesions and they were described as an atypical finding by Cawson et al. 19 They found that 21 of 37 (57%) of ILCs were echogenic and showed that ILCs were nearly 10 times more likely to be hyperechoic when compared with IDCs. Their explanation was that ILC infiltration into the surrounding tissues is suspected to cause an increase in reflective surfaces sonographically, resulting in increased internal echoes, and therefore increasing the overall echogenicity of ILC.
Other researchers correlated the ultrasound appearances of ILC to its various pathological subtypes. They stated that classic ILC tends to manifest as focal shadowing without a discrete mass, whereas pleomorphic type ILC is more typically seen as a shadowing mass. Signet ring, alveolar, and solid subtypes of ILC are more likely to manifest as a lobulated, well-circumscribed mass. 6 Unfortunately, we could not confirm this as to do so requires a larger number of cases.
Watermann et al 20 compared the ultrasound morphology of 69 cases of ILCs with 337 cases of invasive tumors of other histologic differentiation (TOD). An irregular shape was found in 88% of ILCs, compared with 67% of TOD. Margins were indistinct in 94% of ILCs, compared with 76% of TOD. Posterior shadowing was observed in 84% of ILCs and 58% of TOD. Irregular margins, hyperechoic or isoechoic patterns, and architectural distortions were more frequent in ILCs than in TOD. 20 Although we were not able to get the actual pathological size, we have found that lesions were smaller on ultrasound than in mammography. This could be explained as the size on mammogram represents the tumor and surrounding desmoplastic reaction. Berg and Gilbreath 16 found that ultrasound provided a more accurate measurement of the size of a mass compared with mammography, and the findings on ultrasound resulted in a change in surgical management in 18% of the patients.
Ultrasound imaging showed multifocal/multicentric distribution in eight cases (24%), while mammography could detect only six cases. This agrees with Selinko et al, 14 who reported that ultrasound was superior to mammography in identifying multicentricity and multifocality in 21% of cases in their study. 13 It is a well-established rule in all institutions sharing in this study to examine both whole breasts in order not to miss any multicentric or multifocal masses. Wilkinson et al 21 found
transducers. Harmonic imaging may help to detect subtle hypoechoic masses and to accentuate posterior acoustic shadowing. 17 In this study we used high-frequency ultrasound (10 MHz). However, as mentioned by other researchers, 18 higher-frequency ultrasound (13 MHz) is a more effective tool in the diagnosis of small tumors with improved diagnostic safety and reduced unnecessary invasive diagnostic procedures. The sensitivity of ultrasound for detection of ILC is greater than that of mammography, with sensitivities ranging from 68% to 98%. 13 The most common ultrasound manifestation of ILC is an irregular or angular mass with hypoechoic and heterogeneous internal echoes, ill-defined or speculated margins, and posterior acoustic shadowing, findings that are seen in 54%-61% of cases. 14 In the current study, 27 lesions were hypoechoic and eight were of mixed heterogeneous echopattern. Twenty-eight lesions showed irregular infiltrating margins (80%), while seven lesions showed smooth margins (20%).
Twenty-three masses were associated with posterior shadowing (66%), while 11 lesions were without shadowing (34%). On the other hand, one case showed posterior acoustic enhancement without mass (3%). This compares well with Selinko et al, 14 who described the appearances of 62 cases of pure ILC. The most common sonographic appearance was a hypoechoic mass, associated with posterior acoustic shadowing in 36 masses (58%), and without posterior acoustic shadowing in 17 masses (27%).
In the current study, 26 masses had long axis perpendicular to that of the skin (74%), while nine lesions were parallel to the long axis of the skin (26%). This compares with Cawson et al, 19 who reported that ILC cases were less likely to be tall than wide when compared with IDC cases. They suggested that the flatter shape reflected the morphology of ILC, with the tumor cells spreading in a horizontal fashion along normal tissue planes, unlike IDC, which tends to grow across tissue planes. 19 Butler et al 6 mentioned that the finding of acoustic shadowing without a distinct mass is usually limited to the classic ILC. They also found that classic ILC is reported as normal in 40% of ultrasound cases. Other researchers reported posterior acoustic shadowing without an associated mass in 9.5%-11% of cases, 13, 15 and found (2%) of cases were sonographically occult. 13 In our study, we had one case of focal shadowing without a mass (3%) and only one case was reported as normal (3%). This great discrepancy may be attributed to multicentric/multifocal tumors in 35 (34%) of the 102 cases of breast cancer who underwent bilateral whole breast ultrasound and in 18 (15%) of the 124 control subjects who underwent targeted breast sonography. They concluded that bilateral whole breast sonography increased the preoperative diagnosis of multiple tumors in women who had primary breast cancer, resulting in a change in management in 8% of cases.
On the other hand, ultrasound was less sensitive in detection of microcalcifications compared to mammography. We detected microcalcifications in five cases, while it was detected in eight cases by mammography. This finding is in agreement with Moon et al, 22 who depicted 45% of 100 mammographically detected clustered calcifications on ultrasound.
We had one case that showed only breast asymmetry on mammogram, while three small lesions less than 1 cm in size were detected on ultrasound. This enhances the value of adding sonography to mammogram as a diagnostic tool and compares well with Berg et al, 23 who suggested that ultrasound can be particularly helpful in depicting mammographically subtle or occult ILC.
This study had several limitations. We could not correlate the actual pathological specimen size to that reported by ultrasound and mammography. Some patients were referred to adjuvant chemotherapy before surgical excision. Also, we could not correlate radiological features to pathological variants of ILC as this needed a larger number of cases. Some ultrasound machines used were not updated to recent higher frequencies.
Conclusion
Although no specific features could be linked to ILC, care should be directed to subtle signs such as architectural distortion and breast asymmetry in order not to miss any lesions. Even on ultrasound, masses may appear with smooth margins, be wider than taller, or may lack posterior shadowing. The combination of mammographic and sonographic findings helps to decrease the relatively high false-negative diagnosis of this type of breast cancer.
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